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Among older adults in the United States, transportation is the third most 
commonly cited barrier to care. Existing research on transportation as a barrier to 
accessing health services is limited to rural areas and access to private vehicles, yet 
transportation is as much a barrier to care for older adults living in urban areas. This 
research addresses three questions on the topic of aged Medicare beneficiaries’ use of 
public transportation and access to health services. First, whether there is a valid measure 
of access to public transport. Second, whether access to public transport is associated 
with its use to travel to a usual source of care. Finally, whether access to public transport 
is associated with more appropriate use of outpatient health services. We found that two 
existing measures of public transport accessibility, the Transport Connectivity Index 
(TCI) and the Transit Access Shed (TAS) are valid measures of public transport 
accessibility, both for Census block groups and ZIP Code tabulation areas (ZCTAs). 
Overall, approximately 5% of older adult Medicare beneficiaries take public 
transportation to get to their usual source of care. Additionally, individuals living in areas 
with better public transportation are more likely to take public transportation to get to 
their usual source of care, independent of the other barriers to care or health status. 
However, I did not find a relationship between access to public transportation and 
appropriate use of outpatient services. Beneficiaries living in areas with better public 
transportation were equally likely to have at least one primary care visit during the year, 
and were hospitalized for ambulatory care sensitive conditions at the same rate as 
beneficiaries living in areas with worse public transportation. Future research should 
iii 
 
work to understand how beneficiaries without private vehicles are getting to health 
services and to evaluate other transportation alternatives. 
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Chapter 1. Introduction 
In the United States, residents face multiple barriers to receiving outpatient 
services including preventive services, primary care, and maintenance of chronic 
conditions. Among older adults in the United States, cost is the greatest barrier to care, 
followed by appointment availability, transportation or distance, and clinic office hours.
1
 
Similarly, a recent study found that although financial barriers were the single most 
common reason for unmet healthcare needs or delayed care in the United States, they did 
not make up the majority of reasons. Even among respondents who experienced financial 
barriers, two-thirds had additional non-financial barriers. Respondents with chronic 
illnesses, who are most likely to need regular outpatient care, were more likely to face 
non-financial barriers than their healthier counterparts.
2
 
This research focus on the third most commonly cited barrier to care, 
transportation, for the older adult population. A recent study estimated that 3.6 million 
Americans annually do not obtain needed medical care due to a lack of transportation to 
appointments.
3
 In a consensus statement on non-emergency medical transportation 
(NEMT) among older adults, transportation is known to be “a critical component of 
health care access” (p. 828).
4
 Although 90% of adults 65 and older drive, this proportion 
declines with age and is related to health status, meaning that those who are most in need 
of transportation to health services are often unable to drive themselves.
4
 
Most of the existing research on transportation as a barrier to accessing health 
services is limited to rural areas and access to private vehicles, yet transportation is as 
much a barrier to care for older adults living in urban areas.
5,6
 Previous research has 
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found that both distance to providers and available modes of transportation play an 
important role in accessing health services in rural areas.
7
 In urban areas, public 
transportation may provide an alternative mode of transport, but then restricts access to 
areas not served by the transport system.
8
 
In terms of access to health services, public transportation operates in a different 
way than private vehicles, and research on transportation via private vehicle may not be 
applicable to individuals who rely on public transport. Specifically, public transportation 
schedules may affect arrival times and increase travel time as compared to private 
vehicles, but public transport can usually get patients to clinics eventually. In contrast, 
lack of access to private vehicles can prevent a patient from getting to a healthcare 
facility at all.
9
 In a review of research in geographic information systems (GIS) and 
access to care, Higgs notes that “more research is needed to investigate the potential role 
of geography on utilization for a wider range of health measures in a range of settings and 
for differing modes of transportation (for example, for areas/communities with 
households with low levels of access to private transportation)” (p. 91).
10
 
As compared to the general population, older adults face somewhat different 
barriers to care than the general population: they generally have health insurance but may 
have decreased access to private transportation, social networks, and mobility.
9
 Although 
the majority of older adults live in suburbs, 21% lived in city centers in 2002,
11
 and it is 




 As the 
US population ages, the number and proportion of older adults that will rely on public 
                                                 
*
 The definition of poor transit access is dependent on the size of the urban area, but is less than two bus, 
rail, or ferry routes within ½ mile of a residence for all cities besides New York City. 
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transportation is expected to grow substantially and with them the number of people who 
rely on public transportation to access health services.
12
  
It is important to understand how the public transportation infrastructure affects 
these individuals’ use of health services to inform both transportation and health policy. 
This research addresses three questions on the topic of aged Medicare beneficiaries’ use 
of public transportation and access to health services. First, I examine whether there is a 
valid measure of access to public transport. Second, whether access to public transport is 
associated with its use to travel to a usual source of care. Finally, I address whether 




Multiple factors contribute to an individual’s ability to access health services, 
often referred to as barriers to care. Although this research is particularly focused on 
transportation barriers to care, access to care is jointly affected by all barriers an 
individual encounters, and for this reason it is important to understand the scope of 
barriers to accessing health services. 
Access to care can be conceptualized in a number of ways,
13
 but one of the most 
common descriptions of the construct of access to health services and the dimensions 
contained in this construct was developed by Penchansky and Thomas. Using data from a 
health plan satisfaction survey, the authors describe five dimensions of the concept of 
access to health services: availability, accessibility, accommodation, affordability, and 
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acceptability. All of these measures are based on relationships between the supply and 
demand of health services. Availability deals with the number and type of services, 
accessibility is the location of services, accommodation is the organization of services, 
affordability is the price of services, and acceptability is the attitudes of both providers 
and patients towards giving and receiving care. These dimensions were used to develop 




Additionally, other studies have shown that the dimensions interact with each 
other. For example, in rural regions where geography impacts accessibility, service 
accommodation is often poor as well and patients cannot access appropriate providers. 
Among groups with greater affordability barriers, there is often a decreased availability 
of services. Thus, research can deal with a single dimension, the interaction of 
dimensions, or the full construct of access to health services. To best understand the full 
construct of access to health services, however, it is important to incorporate multiple 
dimensions and to understand their interactions.
13
 
In addition to conceptualizing the construct of access to care, more recent models 
include temporal relationships between barriers to care and use of health services. One 
such model is the Institute of Medicine’s (IOM) model for monitoring access. In this 
model, barriers to care are categorized as structural, financial, or personal.
15
 Comparing 
these barriers to Penchansky and Thomas’ five dimensions of access to care, financial 
barriers are equivalent to the dimension of affordability and personal barriers are the 
same dimension as acceptability. Three dimensions, accessibility, accommodation, and 
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availability, together comprise structural barriers. These barriers influence the use of 
health services, which in turn influence health outcomes. The relationship between health 
service use and health outcomes is mediated by treatment appropriateness and efficacy, 
provider quality, and patient adherence.
15
 In the IOM framework, transportation is 
specifically listed as a structural barrier, and since this is the focus of my question I have 
separated it from other structural barriers. 
In addition to transportation, structural barriers include availability of services and 
organizational barriers. In terms of financial barriers, the IOM specifically mentions 
insurance, out-of-pocket payments, and public support for health services. Finally, the 
IOM considers cultural and language barriers, acceptability and attitudes toward 
receiving care, and socioeconomic status to be personal barriers. All of these affect use of 
health services, which in my case is restricted to outpatient services. The IOM model also 
includes mediators and health outcomes, which I have not included in my model as I am 
most interested in service utilization, which comes before health outcomes (Figure 1.1). 
In addition to the IOM framework, I have added the need for health services, which 
precedes any barriers to care. Although this is not part of the IOM’s model, it is included 
in another well-established model of access to care developed by Anderson and Aday.
16
 
Finally, I have included mediators between barriers to care and health services use. In the 
case of transportation barriers, these include other available transportation, as older adults 
are often driven to appointments if they cannot drive themselves,
7
 and an individual’s 






The IOM model is commonly used to describe barriers to care and especially 
transportation barriers; validating the model for my population of interest. Among low 
SES adults, financial, personal, and structural barriers were commonly reported to 
contribute to unmet healthcare needs.
18
 For dual eligible Medicare and Medicaid 
beneficiaries, race, health status, functional status, and functional distress were all 
associated with barriers to care; most commonly organizational barriers but also many 
geographic barriers.
19
 Among low-income older adults in Florida, structural and personal 
barriers together made receiving needed care difficult, as those without private 
transportation or social support were also fearful of using other methods (such as public 
transportation) to get to appointments.
9
 Looking specifically at public transportation as a 
barrier to care, one study had a population where 36% of respondents walked or used 
public transportation to get to an ambulatory care clinic in Atlanta. Those who walked or 
used public transport were less likely to have a usual source of care and more likely to 
wait two or more days to get needed care. These measures were statistically significant in 





Transportation barriers to access to health services 
To measure transportation barriers, it is necessary to first define them. In the 
literature, those with transportation barriers to access to care can be described as 
transportation disadvantaged. Although there is no single definition of this term, the 
consensus statement on non-emergency medical transportation (NEMT) for older adults 
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defines transportation disadvantaged as those who do not have access to and/or cannot 
operate a private vehicle and thus must rely on alternate means of transportation.
4
 This 
definition is problematic for research on public transportation because it would mean that 
most people who take public transport to receive medical care would be considered 
transportation disadvantaged, despite the fact that some may choose to take public 
transport over other available modes of transportation. The definition is based on the fact 
that the majority of Americans take private vehicles to medical appointments, but does 
not account for the fact that private vehicles are not always the preferred mode of 
transport. A more reasonable definition for this research comes from another study that 
defined adequate transportation to healthcare as the ability to reach a healthcare facility 
within 30 minutes on public transport or 15 minutes of walking.
21
 Similarly, the Graduate 
Medical Education National Advisory Committee for primary care determined that 
patients should not be expected to travel more than 30 minutes to reach their provider.
22
 
Using these more expansive definitions, some individuals who do not drive to receive 
health services may still have adequate transportation to health providers. Although there 
is no single definition of transportation barriers to access to care, it is clear that without 
appropriate means and reasonable travel time, transportation is a barrier to care. 
In addition to defining transportation barriers, when thinking about access to 
health services, it is important to distinguish between potential and realized access. 
Potential access is the ability of individuals to use health services, while realized access 
(sometimes referred to as revealed access) is when these individuals actually take 
advantage of the available services.
23
 Few studies have specifically addressed the 
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association between potential and realized access, but one study of pharmacy services 
focused specifically on geographic accessibility. The researchers found that there was an 
association between potential and realized access, however, measures of potential access 
were approximately half of the distance that patients actually traveled for pharmacy 
services.
24
 It is unknown whether the use of outpatient services follows a similar pattern. 
A recent review of transportation barriers in access to care found 61 published 
studies on the topic.
25
 Overall, the author finds that there is a large range in the proportion 
facing transportation barriers that is dependent on population characteristics; depending 
on the population studied, transportation is a barrier for between 3% and 67% of the 
sample. In terms of the effects of transportation barriers, the author concludes, based on 
the published literature, that transportation barriers affect access to both providers and 
pharmacies.  Transportation barriers disproportionally affect racial and ethnic minorities 
(even after controlling for differences in SES) and vulnerable populations including 
children, the elderly, and veterans. For other commonly studied differences such as rural 
or urban residents and distance to care, the link between transportation barriers and 
access to care is not conclusive among the studies reviewed.  
 
Public transportation and access to care 
Only a few studies have looked at public transportation and realized access to 
care, and depending on the population studied and information available on public 
transport use, they have found differing associations. Among patients in an immigrant 
community who arrived at an outpatient clinic in suburban New York, 24% of those 
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interviewed reported previously missing or rescheduling an appointment due to 
transportation problems. This proportion was even higher among the 15% of patients who 
had arrived at the clinic by bus.
26
 In a survey of North Carolina’s Appalachian counties, 
respondents who reported using public transportation were more likely to need health 
services than the overall group of respondents: they were older and had poorer health. In 
this case, those respondents who used public transportation had more chronic care visits 
but not more regular care visits than the entire study population.
27
 In a qualitative study 
of older adults in central and south Florida, respondents reported difficulty using public 
transit due to difficulty getting to stops, increased travel time, and discomfort while 
traveling on the transportation system.
28
 
In contrast, studies that have used ecological data have not been able to find a 
relationship between public transportation and health services use. In a national analysis 
of receipt of preventive services among female respondents to the Behavioral Risk Factor 
Surveillance System (BRFSS), ecological measures of commuting time and use of public 
transportation were not associated with the receipt of a pap smear or mammogram.
29
 
Additionally, a study examining the effect of a bus driver strike on the proportion of 
missed appointments at a Minneapolis teaching hospital’s outpatient department found 
that the no-show rate was similar before and during the strike.
30
 
Despite the demonstrated need for services, across the United States, most older 
adults prefer private vehicles to public transportation, as walking and boarding vehicles 
can be difficult.
11
 In one survey of older adults in Vermont, those who did not have 





 Another survey of adults in rural and small urban areas in the U.S. Great 
Plains states looked at the association between transportation, travel distance, and health 
service utilization. In these areas, the majority of respondents used private vehicles to get 
to physicians’ offices, but 5% used public transport, 3% used volunteer driver services, 
and 2% used services provided by human service agencies. Use of these alternatives to 
private vehicles increased the probability of having difficulties traveling to care, but this 
relationship was not statistically significant. Additionally, 35% of respondents who did 
not have access to public transit indicated that they would use public transit to travel to 
care if it were available.
32
 In a qualitative study of senior villages in Washington, DC, the 




Other research has used GIS analysis to quantify potential access to care. Based 
on a GIS analysis of public transport options in three low-income counties in California, 
only one third of residents are within a 30 minute travel time via public transit to a 




Research on public transportation’s association with access to health services 
outside the United States may provide some insight into these relationships in the United 
States. However, public transportation plays very different roles around the world and 
findings may not be generalizable to other regions. An analysis of local health service 
accessibility in rural areas of the United Kingdom used patient records to map the 
distance from patient’s homes to their clinic. In this study, the authors found that 82% of 
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people had good bus accessibility (defined as four or more daily routes spread throughout 
the day), but 13% had no bus accessibility. Additionally, areas without public 
transportation were predominantly lower SES than those with good accessibility.
34
 Using 
the same data, the researchers were able to study the effect of distance in a patient’s 
choice to go to a clinic further away. Again, the availability of public transportation 
showed no association with a patient choosing to travel further to receive care. However, 
patients were more likely to go to the closest clinic when it was within walking 
distance.
35
 Additionally, a survey of adults in Montreal Island, Quebec, Canada, found 
that seniors in the suburbs were more likely to have access to a car, but also had to travel 
further to receive health services, than those living in the city.
36
  
To address some of the gaps in the existing research, this research examines 
measures of potential access (the availability of public transportation) and then uses them 
to determine realized access (the use of public transportation and outpatient services). 
 
Measures 
 This research addresses older adult Medicare beneficiaries’ access to public 
transportation and use of health services. In order to evaluate these relationships, I will 
use measures that cover the following topics: 
 Public transport quality 
 Medicare beneficiaries’ use of public transport 




Population of interest 
All of the analyses use the same population of interest: older adults in urban areas 
of the United States. For area level measures such as transportation quality, this would 
include the quality of transportation available in urban areas. 
 
Public transport quality 
Because all of my analyses focus on potential access to public transportation, all 
three use measures of public transport quality. This data is available from the nonprofit 
group The Center for Neighborhood Technology (CNT) and consists of two proprietary 
measures: the transit access shed (TAS) and the transit connectivity index (TCI), 
discussed in detail in the validation study. Briefly, the TAS is a measure of public 
transportation quality that determines the area that can be reached via public 
transportation from a given location in 30 minutes. The TCI is a measure of 
transportation access that measures the number of transportation options and their 




The TAS and TCI are provided at the Census block group level. However, the 
analyses of use of public transportation and health services among older adults uses 
Medicare data (discussed in more detail below) to identify beneficiaries locations. In this 
data source, the ZIP code is the most granular geographic identifier available. In order to 
determine the quality of public transportation at a beneficiary’s residence, the transport 
13 
 
measures have been aggregated to the ZCTA using a weighted average based on the 
number of households in each block group. 
 
Medicare beneficiaries’ use of public transport 
Individuals’ use of public transit comes from the 2011 Medicare Current 
Beneficiary Survey (MCBS). The MCBS is an annual health survey administered by the 
Centers for Medicare & Medicaid Services (CMS). The MCBS uses a three year rotating 
panel design of approximately 15,000 beneficiaries in total to provide both cross 
sectional and longitudinal information on access to and satisfaction with care, health 
status, and health care costs, use, and payment.
38
 The MCBS includes questions on many 
barriers to care, including the focus of my analysis, a beneficiary’s mode of transport to 
their usual source of care. 
 
Medicare beneficiaries’ appropriate use of health services 
 In these analyses, I use two indicators of appropriate use of health services: (1) 
having at least one primary care visit during the year, and (2) not having potentially 
preventable hospitalizations. 
 The importance of primary care visits is well known, but has recently been 
recognized by providing a free annual wellness visit for all Medicare beneficiaries.
39
 






Additionally, access to outpatient services can be operationalized by defining 
certain conditions as “ambulatory care sensitive,” focusing on outpatient services that 
keep patients healthy.
41
 This designation was developed in response to the need to 
measure quality of care throughout the health system, and is measured by emergency 
room (ER) visits and hospitalizations for the ambulatory care sensitive conditions.
41
 As 
opposed to quality measures obtained from patients at outpatient clinics, measuring 
hospital visits for ambulatory care sensitive conditions allows researchers to understand 
access among patients that do not interact with the outpatient system at all. For these 
individuals, barriers to accessing health services do more than make access difficult, they 
prevent access to outpatient services altogether. 
Information about beneficiaries’ use of health services relies on Medicare fee-for-
service claims. For this analysis, I used Medicare data from a simple random sample of 
5% of Medicare beneficiaries (100% of claims for 5% of beneficiaries) from CMS from 
2011, including both inpatient and carrier claims. 
Potentially preventable hospitalizations are identified from the Medicare inpatient 
claims file. A hospitalization is considered potentially preventable if it was for a 
condition identified by the Agency for Healthcare Research and Quality’s (AHRQ) 
prevention quality indicators. These are 14 indicators
*
 that can be used with hospital 
inpatient discharge data (such as the inpatient claims data) to identify ambulatory care 
sensitive conditions based on ICD-9 codes.
41
 
                                                 
*
 The prevention quality indicators are diabetes short-term complications, perforated appendix, diabetes 
long-term complications, chronic obstructive pulmonary disease, hypertension, congestive heart failure, 
low birth weight, dehydration, bacterial pneumonia, urinary tract infection, angina without procedure, 
uncontrolled diabetes, adult asthma, and lower-extremity amputation among patients with diabetes 
15 
 
Primary care use is based on both carrier and outpatient claims data. Outpatient 
claims are submitted by outpatient hospital departments and the carrier claims are 
submitted by freestanding clinics. Claims were considered to be for a primary care visit if 
the provider was eligible for CMS’ Primary Care Incentive Payment (PCIP) program. 
The PCIP was established under the Affordable Care Act and increases payments for 
primary care services provided by qualifying primary care providers beginning in 2011. 
CMS identifies primary care services provided in the outpatient setting with CPT codes 
99201-99215. To be considered a primary care provider (PCP), at least 60% of a 
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Figure 1.1 Conceptual model of the role of public transportation in access to care, 
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Chapter 2. Measuring Access to Public Transportation: A Validation of the Transit 
Connectivity Index and Transit Access Shed 
 
Introduction 
As health in all policies focus on understanding patients’ built environment, it is 
important to accurately characterize environmental factors that may affect health. These 
include home and work environments, as well as travel. One such factor that is difficult 
to measure is the mode of travel individuals have access to and use, including public 
transportation. Although public transportation is not is not traditionally considered when 
categorizing environments as healthy or not, recent research has shown that the quality 
and use of public transport is associated with health behaviors and outcomes. Given these 




The quality and use of public transportation is associated with other health 
behaviors and healthy environments. First, use of public transportation is associated with 
other active transport methods, including walking and biking, and with increased physical 
activity while using the public transport system.
2-5
 Additionally, use of public 
transportation is associated with reduced carbon emissions, particularly in urban 
environments where driving conditions create disproportionate emissions for the small 
number of vehicle miles traveled in private vehicles.
6,7
 
Public transportation use and quality is associated with other built environment 
characteristics including street connectivity, land-use,
8
 traffic safety, and crime.
3
 Thus, to 
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accurately characterize the urban built environment, is important to include measures of 
public transportation. For studies where public transportation is not the focus, well-
validated, publicly available measures of public transportation that could be easily 
included along with other aspects of the built environment could enhance research. 
In addition to the associations between public transport and other built 
environment characteristics, public transport has the potential to impact access to 
destinations, including health services. Transportation is known to be a barrier to 
accessing health services, and models of access to care, including that developed by the 
Institute of Medicine (IOM), incorporate transportation in their understanding of use of 
health services.
9
 Despite this knowledge, there is little research on the role that public 
transportation plays in enabling access to health services. A recent health impact 
assessment of the effects of reducing bus service in the Boston area included access to 
health care as a potential outcome and assumed that in areas losing bus service, 
households without privately owned vehicles would no longer have access to healthcare. 
In this assessment the authors also acknowledge that many factors beyond car ownership 
and public transportation affect transportation access to health services.
10
  In part, this 
gap may be due to the difficulty in measuring the quality of public transport. 
Despite these advantages, we are not aware of any measure of transport quality 
that has been validated across the country, making measuring the quality of public 
transport both difficult and burdensome. Many transit agencies provide stop and 
timetable information in a publicly available, standardized format, General Transit Feed 
Specification (GTFS).
11
 Yet these raw datasets are not easily manipulated and do not 
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directly address the quality of public transportation to or from a given location.
12
 Having 
validated, nationwide transit measures would allow researchers to evaluate health 
outcomes by the quality of public transit, or to control for the quality of public transit 
when evaluating other outcomes. This analysis evaluates the construct validity of two 
transit measures that were developed together: the Transit Connectivity Index (TCI) and 
the Transit Access Shed (TAS), for the accessibility of public transit from a given 
location. Additionally, we evaluate the validity at two different geographic levels, the 
Census block group and ZCTA, as most geographic location variables are either Census 
measures or addresses including ZIP codes. 
 
Public transportation access measures 
The quality of public transportation is determined by a number of factors 
including access, reliability, and satisfaction. Access typically refers to the physical 
location of transit stops and the connectivity between them. Accessibility may focus on 
frequency of service, travel time, and network coverage. Reliability measures whether the 
transit system operates in line with published schedules.
13
 Satisfaction looks at customers 
perceptions of public transport, which is generally determined by the relationship 
between perceived and expected service.
14
 Satisfaction may measure perceived access or 
reliability, as well as fare price, perceived safety, cleanliness and comfort.
15
 Research has 
shown that these factors are not always related, particularly comparing service to 
reliability. For example, customers who stand for the entire ride perceive longer travel 





There are two significant aspects of the public transport system typically included 
in access measures. First, there is accessibility of origin stops, typically measured by the 
distance to a stop and the frequency of service at that stop. The second important 
indicator of access to public transportation is destinations that can be reached via the 
transport system. Existing transportation measures include information about origins 
and/or destinations and may also include connectivity information about how efficiently 
the system allows individuals to get from origins to destinations.
16,17
  
Information about the origin is generally obtained from GTFS data and includes 
buffer zones around origin stops. These buffers may be circles around the stop measuring 
Euclidean distance or more sophisticated measures of walking paths to the origin stop.
16
 
Destinations may be defined as transit stops or locations of interest. Locations of interest 
are often workplaces,
18
 but could be health service destinations, such as hospitals or 
clinics. Beyond the simple ability to reach a certain destination, measures often impose 






In this analysis, we are evaluating two measures of public transportation 
accessibility, comprised of three indices. These measures were developed by the Center 
for Neighborhood Technology (CNT), a nonprofit organization focused on urban 
environments in the United States.
19
 CNT developed these transportation measures as a 
part of the Housing + Transportation Index, an effort to accurately determine the cost of 
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living in an area by including both housing and travel costs. The measures are based on 
CNT’s propriety All Transit database, which incorporates additional transit agencies in 
addition to the publicly available GTFS data.
20
 The measures were first developed in 
2008. We are evaluating updated data based on information collected about public transit 
agencies between 2010 and 2012.  
The two measures of public transportation are the Transit Connectivity Index 
(TCI) and the Transit Access Shed (TAS). Both were developed for Census block groups 
in cities greater than 50,000 people. The methodology for the transportation measures is 
described in detail by Haas et al.
20
 Briefly, the TCI measures the number of transit stops 
available within or near a block group. Stops are weighted by their distance from the 
block group and the frequency of service. The TAS consists of two separate indices both 
measuring where an individual can travel within 30 minutes from an origin. One index, 
the TAS-distance, measures the distance that can be reached within 30 minutes, while the 
other, the TAS-destinations, measures the number of transit stops that can be reached 
within 30 minutes. Both allow for transfers within the time frame and are weighted by the 
frequency of service at the origin. The range of the TAS measures is relatively large, with 
the TAS-distance ranging from 0 to 133,512 and the TAS-destinations with a range of 0 
to 3,026. To facilitate comparisons across the three measures, we divided TAS-distance 
by 1,000 and the TAS-destinations by 10 for this analysis. 
Some validation of the measures has already been conducted, evaluating their 
correlation with measures of private vehicle availability and proportion of workers 





 This is an important first validation of the measures, but 
may not be sufficient to rely on them for future analyses. In a review of the entire 
Housing + Transportation Index, the transport measures were noted to be useful, but the 
validity of the transit measures alone was not evaluated.
21
 
Our validation expands CNT’s first steps in a number of ways. First, we replicate 
their validation with the updated transit measures. We also evaluate the validity of the 
transit measures for individual behavior, rather than area measures. Separately, we 
examine the validity at the county and city area, as the accessibility of public transit 
should vary significantly both within and between cities. 
Beyond our evaluation of CNT’s block group measures, we have generated and 
evaluated TCI and TAS measures at the ZIP code tabulation area (ZCTA) level to 
understand whether these measures are also valid for representing access to public 
transport. Although the measures were developed for Census block groups, researchers 
often work with data including addresses rather than Census geographies. In this case, the 
smallest area unit is the zip code, which is not a Census geography. However, the Census 
Bureau has aggregated Census blocks into ZCTAs to facilitate using Census data with 
ZIP code identifiers. For these analyses, we aggregated block groups to ZCTAs using a 
population weighted average of all block groups in the ZCTA. Note that because ZCTAs 





Other data sources 
The data used to validate the TCI and TAS were taken from a number of sources 
and manipulated as necessary to be comparable to these measures. 
City level information was based on the Core Based Statistical Areas (CBSA) 
developed by the US Office of Management and Budget. CBSAs map urban counties into 




Much of the area level data was obtained through the MABLE/Geocorr 
Geographic Correspondence Engine maintained by the Missouri Census Data Center. 
This includes Census block group and ZCTA population, area, housing units, and 
population centroids. We also obtained CBSA total population and population centroids 
from this source. These were used to generate population and housing density as the 
number per square mile, and the straight line distance to the city population center. The 
Engine creates allocation files from one geographic unit to another, so this was also the 
source of the crosswalk used to create ZCTA measures from the block group measures 
provided by CNT, including the mapping and weighting from block groups to ZCTAs. 
Additional area level attributes came directly from the Census Bureau. We used 
2007-2011 ACS five year estimates for the proportion of households with at least one 
vehicle and the proportion of adults that take public transportation to work.
23
 For these 





Measures of urbanicity are based on the US Department of Agriculture’s Rural-
Urban Continuum Codes for counties, last updated in 2013. This includes 3 categories of 
metropolitan areas and 6 categories of nonmetropolitan areas.
25
 
Individual and household measures come from the 2009 National Household 
Transportation Survey (NHTS). The NHTS is a representative survey of 150,000 
households and includes household information and responses from each member of the 
household, including a travel diary for a randomly selected day.
26
 From the survey, we 
used the number of vehicles in the household, the mode of transportation adults took to 
work, and whether respondents had taken public transport on their recorded travel day. 
For individual level measures, we accounted for individuals within the household having 
the same location by averaging values across the household, and then weighting analyses 
by the number of individuals per household. We used households’ block groups and ZIP 




Some information on use of public transportation came from the 2010 National 
Transit Database maintained by the Federal Transit Administration.
28
 This contains the 
number of unlinked transit trips and fare revenue by provider. We matched the provider’s 
primary urban area to CBSAs and the generated per capita measures based on the CBSA 
population obtained from MABLE/Geocorr. 
Finally, we compared the TCI and TAS to other public transportation accessibility 
measures. One measure determined the number of destinations that are reachable by 
workers during rush hour as a proxy for access to jobs. Access was determined at the 
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block level and then aggregated to CBSAs.
29
 We compared the average TAS and TCI 
values for the five cities with the best access (New York, NY; San Francisco, CA; Los 
Angeles, CA; Washington, DC; Chicago, IL) and the five with the worst (Orlando, FL; 
Nashville, TN; Virginia Beach, VA; Riverside, CA; Birmingham, AL).
18
 The other model 
we used to evaluate the TAS and TCI determined the number of workers with access to 
public transportation within a city based on the population living in a Census block group 
with a transit stop within three quarters of a mile of the block group’s population 
centroid. We again compared the five cities with the highest proportion of workers with 
access to public transit (Honolulu, HI; Los Angeles, CA; San Jose, CA; El Paso, TX; San 
Francisco, CA) to those with the lowest proportion (Augusta, GA; Jackson, MS; 
Knoxville, TN; Greenville, SC; Chattanooga, TN).
30
 Although neither of these measures 
are validated, we expect that if all of these measures are measuring public transport 
accessibility to some degree, they will be correlated. 
 
Validation 
We evaluated the construct validity of the TCI and TAS as measures of access to 
public transportation. Construct validity measures the relationship between the measures 
of interest and other measures hypothesized to be related to them. Since each of the 
measures is slightly different, we evaluated the TCI and both TAS measures for each 




Our evaluation framework is shown in Table 2.1. We considered three concepts 
related to public transportation accessibility (shown in the first column): neighborhood 
structural characteristics, transit use, and other measures of transit accessibility. Each of 
these concepts had related constructs (column 2). For example, the concept of structural 
characteristics included six constructs: urbanicity, population and housing density, city 
size, distance from the city center, and private vehicle availability. We develop 
hypotheses on both the direction and strength of the relationship of each construct with 
the measures of transportation accessibility. For example, we hypothesized that areas 
with more private vehicle availability would have less accessible public transit, and that 
the strength of this relationship would be weaker than the relationship between 
population density and access to public transportation. Each construct was evaluated 
using one or more specific measures. For example, private vehicle availability was 
evaluated with three measures: whether household had at least one vehicle, the number of 
vehicles per adult in the household, and the proportion of households in the area with at 
least one vehicle. 
We used two validation methods: correlation and known groups. Pearson 
correlation coefficients and their statistical significance where used to evaluate the TCI 
and TAS against other continuous measures, such as population density or distance to the 
city center. When evaluated against categorical measures, such as cities with good or 
poor transit, we used known group validation to compare the mean of the TCI and TAS 
across groups. Known group validation uses groups that are expected to have different 
levels of the idea being validated (in this case access to public transportation) to 
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determine whether values of the measure differ across groups. In our case, we compared 
the mean of the TCI and TAS indices across the groups. For measures with only two 
groups (such as whether or not households had a car), we used a t-test to determine 
whether the values were significantly different between groups; for measures with more 
than two groups (such as the RUCCs) we used an F-test. 
 
Results 
In total, we validated 184,156 block groups and 16,651 ZCTAs across 735 cities. 
Descriptive statistics for the TCI and TAS are shown in Table 2.2. All of the indices are 
right skewed: for block groups, the TCI has a mean of 4.8 (SD: 9.9) and a maximum of 
100, while the TAS-distance has a mean of 12.6 (SD: 14.5) with a maximum of 134 and 
the TAS-destinations has a mean of 16.2 (SD: 23.0) and a maximum of 303. The 
distributions are similar for ZCTAs, although the values are generally lower. Sample 
sizes and distributions of the other measures are shown in Table 2.3. Not all measures 
were available for every location. For example, annual trips were available for 284 of the 
735 total cities in our sample. 
The validity of the TCI and TAS with structural constructs is shown in Table 2.4. 
Generally, both the TCI and TAS at the block group and ZCTA level show strong 
construct validity against all of the structural measures. For the RUCC as a measure of 
urbanicity, more urban counties have higher values of the TCI and both TAS measures 
than more rural counties. Population density, housing density, and city size are all highly 
positively correlated with the TAS and TCI measures. Although the distance from center 
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city is negatively correlated as predicted, the Pearson correlation coefficient is smaller 
than hypothesized. In terms of private vehicle availability, households with a vehicle are 
more likely to be located in areas with low values of the TCI and TAS than households 
without a vehicle. The TCI and TAS are also highly negatively correlated with the 
number of vehicles per adult in the household and the number of households in an area 
with one or more private vehicles. The correlation coefficients are quite similar for block 
groups and ZCTAs; the average values for urban areas and households with private 
vehicles are lower for ZCTAs, as would be expected by the distribution of the measures.  
Transit use constructs are shown in Table 2.5. All of the measures of use of public 
transport are positive and statistically significant, as hypothesized. The proportion of 
workers in the area taking public transit to work is the most highly correlated measure 
with both the TCI and TAS, but all of the correlations are fairly large and statistically 
significant. The same is true for the annual revenue from transit fares per capita. Again, 
the correlation coefficients are similar for both block groups ZCTAs. 
Finally, the comparisons to other measures of transit accessibility are shown in 
Table 2.6. We find that for both comparison measures, cities considered to have more 
accessible public transportation have significantly higher values of the TCI and TAS then 
cities with poor public transport. As with structural and transit use concepts, these 
measures perform similarly well at the block group and ZCTA level. 
Given that all constructs behaved in the direction that was hypothesized and most 
had the strength that we hypothesized, we feel that the TCI and TAS are valid measures 





We found that the TCI and TAS are valid measures of public transport 
accessibility. The measures were valid for the structural and public transport use 
constructs that we measured, and performed well compared to other measures of access 
to public transportation. Additionally, they performed well against multiple data sources. 
Not only were we able to validate the measures that CNT originally developed, but we 
also aggregated these block group measures to the ZCTA level, and found that the 
measures were equally valid for the ZCTAs. 
Although we found these measures to be valid measures of public transport 
accessibility based on our analysis, there are some limitations to our analysis and to the 
future use of these measures. These measures are currently available for cities with 
populations of 50,000 or greater in the United States. Thus, even if the measures were 
generated for smaller cities, we have not evaluated whether they accurately measure 
access to public transportation in nonurban areas. Additionally, although the basic 
methods used to develop the TCI and TAS have been published, the actual measures are 
proprietary, and the current publications do not contain the details that would allow other 
researchers to replicate the measures. For this reason, we assumed that the computation 
of the measures is consistent with their published description, but we have no way to 
verify that.  
Finally, we were only able to use construct validation for analysis, and other 
validation techniques could strengthen or weaken our findings. In particular, it is ideal to 
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validate a measure compared to a gold standard. However, there is no gold standard 
measure of public transport accessibility, so we are unable to do this type of validation. In 
fact, we are not aware that any measure of access to public transport has been empirically 
validated, yet there are a number of other proposed public transportation measures. 
Future research could validate these measures and compare them to the TAS and TCI to 
understand the differences between the measures. 
The TCI and TAS measure public transportation accessibility, which is only one 
part of the quality of a transit system. Each transit system could be separately evaluated 
for reliability and satisfaction, and more accessible systems may not necessarily perform 
better on these other quality measures. Thus, access is only one factor in an individual’s 
decision to use public transportation. Although we believe that more accessible 
transportation is more likely to be used than less accessible transportation, other quality 
factors may significantly impact public transit use. 
Despite these limitations, we believe that the validity observed in this analysis 
justifies using the TAS and TCI in future research. These measures could be used either 
in research focusing on public transportation, or as a measure of the built environment in 
research with a different focus. In our future research, we will use these measures to 
determine the availability of public transportation at a given location to better understand 





1. Litman T. Evaluating public transportation health benefits: Victoria Transport Policy 
Institute Victoria, British Columbia, Canada; 2015 February 27. 
2. Bopp M, Gayah VV, Campbell ME. Examining the Link Between Public Transit 
Use and Active Commuting. International Journal of Environmental Research and 
Public Health 2015;12:4256-74. 
3. Zwald ML, Hipp JA, Corseuil MW, Dodson EA. Correlates of Walking for 
Transportation and Use of Public Transportation Among Adults in St Louis, 
Missouri, 2012. Preventing Chronic Disease 2014;11:E112. 
4. Rissel C, Curac N, Greenaway M, Bauman A. Physical Activity Associated with 
Public Transport Use-A Review and Modelling of Potential Benefits. International 
Journal of Environmental Research and Public Health 2012;9:2454-78. 
5. Saelens BE, Vernez Moudon A, Kang B, Hurvitz PM, Zhou C. Relation Between 
Higher Physical Activity and Public Transit Use. American Journal of Public Health 
2014;104:854-9. 
6. Woodcock J, Edwards P, Tonne C, et al. Public health benefits of strategies to 
reduce greenhouse-gas emissions: urban land transport. The Lancet;374:1930-43. 
7. Kwan SC, Hashim JH. A review on co-benefits of mass public transportation in 
climate change mitigation. Sustainable Cities and Society 2016;22:11-8. 
8. Turrell G, Haynes M, Wilson L-A, Giles-Corti B. Can the built environment reduce 
health inequalities? A study of neighbourhood socioeconomic disadvantage and 
walking for transport. Health & Place 2013;19:89-98. 
38 
 
9. Millman M. Access to health care in America: National Academies Press; 1993. 
10. James P, Ito K, Buonocore JJ, Levy JI, Arcaya MC. A Health Impact Assessment of 
proposed public transportation service cuts and fare increases in Boston, 
Massachusetts (USA). International Journal of Environmental Research and Public 
Health 2014;11:8010-24. 
11. A Brief History of GTFS. Institute of Transportation Studies Berkley, 2014. 
(Accessed March 21, 2016, at http://library.its.berkeley.edu/node/265.) 
12. Pioneering Open Data Standards: The GTFS Story. 2013. (Accessed March 21, 
2016, at http://beyondtransparency.org/chapters/part-2/pioneering-open-data-
standards-the-gtfs-story/.) 
13. Barabino B, Deiana E, Tilocca P. Urban transport management and customer 
perceived quality: a case study in the metropolitan area of Cagliari, Italy. Theoretical 
and Empirical Researches in Urban Management 2011;6:19. 
14. Randheer K, AL-Motawa AA. Measuring commuters’ perception on service quality 
using SERVQUAL in public transportation. International Journal of Marketing 
Studies 2011;3:p21. 
15. Friman M, Fellesson M. Service supply and customer satisfaction in public 
transportation: The quality paradox. Journal of Public Transportation 2009;12:57-69. 
16. Mamun SA, Lownes NE, Osleeb JP, Bertolaccini K. A method to define public 
transit opportunity space. Journal of Transport Geography 2013;28:144-54. 
39 
 
17. Mishra S, Welch TF, Jha MK. Performance indicators for public transit connectivity 
in multi-modal transportation networks. Transportation Research Part A: Policy and 
Practice 2012;46:1066-85. 
18. Owen A, Levinson D. Access Across America: Transit 2014. Minneapolis, MN: 
University of Minnesota; 2014 September. Report No.: 14-11. 
19. Vision + Mission. Center for Neighborhood Techonology, 2015. (Accessed March 
21, 2016, at http://www.cnt.org/vision-and-mission.) 
20. Haas P, Morse S, Becker S, Young L, Esling P. The influence of spatial and 
household characteristics on household transportation costs. Research in 
Transportation Business & Management 2013. 
21. Econsult Corporation. Review of the Center for Neighborhood Technology’s 
Housing and Transportation Affordability Index. Philadelphia, PA2012 February. 
22. Current Lists of Metropolitan and Micropolitan Statistical Areas and Delineations. 
United States Census Bureau. (Accessed March 21, 2016, at 
http://www.census.gov/population/metro/data/metrodef.html.) 
23. American FactFinder. United States Census Bureau, 2013. (Accessed 8/15/2013, 
2013, at http://factfinder2.census.gov.) 
24. Index of ACS 2010 5 year summary files. United States Census Bureau, 2012. 





25. Rural-Urban Continuum Codes. United States Department of Agriculture, 2013. 
(Accessed March 21, 2016, at http://www.ers.usda.gov/data-products/rural-urban-
continuum-codes.aspx.) 
26. 2009 National Household Travel Survey. U.S. Department of Transportation, 
Federal Highway Administration; 2009. 
27. ZIP Code to ZCTA Crosswalk. American Academy of Family Physicians, 2015. at 
http://www.udsmapper.org/zcta-crosswalk.cfm.) 
28. National Transit Database. 2012 ed: Federal Transit Administration; 2010. 
29. Owen A, Levinson D. Access Across America: Transit 2014 Methodology. 
Minneapolis, MN: University of Minnesota; 2014 September. Report No.: CTS 14-
12. 
30. Adie Tomer EK, Robert Puentes, and Alan Berube. Missed Opportunity: Transit and 





Table 2.1 Framework for validating measures of public transportation availability 
Concept Construct 
Hypothesis Measure 
Direction Strength Variable Test 
Structural 
Urbanicity + Medium USDA RUCC Known groups  
Population Density + Medium Population density per square mile Correlation 
Housing density + Medium Housing density per square mile Correlation 
City size + Strong CBSA population Correlation 




Households with at least 1 vehicle Known groups  
# of vehicles per adult Correlation 
% of HH with any vehicles Known groups 
Transit use 
Use of public transit + Strong 
Use public transit on travel day Correlation 
Transportation to work Correlation 
% taking public transit to work Correlation 
Annual # of transit trips per capita Correlation 
Transit revenue + Strong Annual per capita fare revenue Correlation 
Transit 
accessibility 
Other measures of access 
to public transportation  
+ Strong 
Cities with best and worst access to 
jobs via public transit 
Known groups 
% working age population with 





USDA: United States Department of Agriculture 
RUCC: Rural urban continuum code  
43 
 
Table 2.2 Descriptive statististics of public transportation availability measures 
 Census Block Group ZIP Code Tabulation Area 
(ZCTA) 
 Mean SD Min Max Mean SD Min Max 
Transit Connectivity Index (TCI) 4.8 9.9 0 100 2.1 6.3 0 66 
Transit Access Shed (TAS)         
Distance 12.6 14.5 0 134 6.9 12.2 0 114 




Table 2.3 Descriptive statistics of validation constructs and measures 
Concept Construct Measure Source Level n Value (SD) 
Structural 
Urbanicity USDA RUCC USDA County 1536 
1. Metro (>1 million 
people) 
27.2% 
2. Metro ( 250,000-1 
million)  
22.5% 
3. Metro (<250,000)  14.2% 
4. Nonmetro, 
adjacent to a metro 
area (20,000+)                                                                                                                                  
11.0% 
5. Nonmetro, not 




adjacent to a metro 
area (2,500-19,999) 
10.0% 
7. Nonmetro, not 





Population density per 
square mile 
MABEL 
BG 184,156 7064 (15,910) 
ZCTA 16,649 2088 (6476) 
Housing Housing density per square MABEL BG 184,156 3070 (7750) 
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Concept Construct Measure Source Level n Value (SD) 
density mile ZCTA 16,651 919 (3217) 




Distance from central city 
(miles) 
MABEL 
BG 184,156 18.6 (62) 




Households with at least 1 
vehicle 
NHTS Household 81,174 
94.5% 
# of vehicles per adult NHTS Household 81,174 1.08 (0.56) 
% of households with any 
vehicles 
Census 
BG 184,156 90.2% (0.15) 
ZCTA 16,444 96.8% (0.07) 
Transit use 
Use of public 
transit 
Use public transit on travel 
day 
NHTS Individual 93,268 2.4% 
Transportation to work NHTS Individual 142,356 3.3% 
% taking public transit to 
work 
Census 
BG 184,085 6.1% (0.13) 
ZCTA 16,487 3.1% (0.08) 
Annual # of transit trips per 
capita 
NTD CBSA 284 19.5 (116.9) 
Transit 
revenue 
Annual per capita fare 
revenue 





Cities with best and worst 













% working age population 
with access to public transit 
by city 
Tomer et al., 
2011 
CBSA 10 
5 withand 5 with lowest 
proportion 
 
USDA: United States Department of Agriculture 
RUCC: Rural urban continuum code 
NHTS: National household travel survey 
NTD: National transit database 
BG: Census block group 
ZCTA: ZIP Code tabulation area 




Table 2.4 Validity results of structural constructs for measures of public transportation availability 
Construct Validation Measure Public transportation availability measure 
Block Groups ZCTAs 









USDA RUCC       
1. Most urban 7.24 16.79 22.57 4.16 12.01 14.52 
2 1.50 9.20 9.03 0.84 5.62 5.49 
3 0.87 4.20 5.21 0.23 1.43 1.95 
4 0.03 0.24 0.45 0.01 0.19 0.24 
5 0.14 0.65 1.72 0.04 0.42 0.76 
6 0.00 0.02 0.03 0.00 0.03 0.05 
7. Most rural 0.01 0.03 0.16 0.00 0.00 0.02 
Population Density Population density 0.77 0.32 0.64 0.81 0.45 0.70 
Housing density Housing density 0.72 0.29 0.61 0.77 0.42 0.67 
City size CBSA population 0.50 0.30 0.48 0.27 0.17 0.26 
Distance from  
central city 
Distance from  
central city 
-0.07 -0.10 -0.08 -0.09 -0.14 -0.13 
Private vehicle  
availability 
Vehicles per household 
      
None 
11.36 17.34 30.05 
10.9
4 16.63 29.04 
1 or more 2.41 9.77 11.17 2.56 10.12 11.65 
# of vehicles per adult -0.21 -0.16 -0.20 -0.21 -0.15 -0.21 




TCI: transit connectivity index 
TAS: transit access shed 
USDA RUCC: United States Department of Agriculture’s rule urban continuum codes 
ZCTAs: ZIP Code tabulation areas 
All comparisons are statistically significant at p<0.001  
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Table 2.5 Validity results of transit use constructs for measures of public transportation availability 
Construct Validation Measure Public transportation availability measure 
Block Groups ZCTAs 








Use of public transit 
Use public transit on 
travel day 
0.39 0.16 0.32 0.39 0.17 0.34 
Transportation to work 0.41 0.16 0.34 0.41 0.16 0.36 
% taking public transit 
to work 
0.83 0.41 0.72 0.86 0.51 0.78 
# of transit trips per 
year per resident 
0.50 0.19 0.45 0.38 0.19 0.37 
Transit revenue 
Fare revenue per capita 
per year 
0.53 0.16 0.47 0.36 0.14 0.34 
 
TCI: transit connectivity index 
TAS: transit access shed 
ZCTAs: ZIP Code tabulation areas 




Table 2.6 Validity results of transit accessibility constructs for measures of public transportation availability 
Construct Validation Measure Public transportation availability measure 
Block Groups ZCTAs 








Other measures of 
access to public 
transportation 
Access to jobs via public transit 
      Cities with the best access 14.0 21.8 36.0 8.3 16.9 24.2 
Cities with the worst access 1.4 10.6 10.7 0.8 7.7 6.9 
Proportion of the working age 
population with access to public 
transit 
      Cities with the highest 
proportion 7.8 25.8 27.1 6.9 24.6 24.7 
Cities with the lowest 
proportion 0.7 3.7 4.4 0.9 3.2 4.4 
 
TCI: transit connectivity index 
TAS: transit access shed 
ZCTAs: ZIP Code tabulation areas 








Among older adults, lack of transportation to medical services is one of the most 
common barriers to care.
1
 Although transportation is recognized as a barrier for many 
groups,
2
 it operates somewhat differently for older adults than the general population: 
they may have decreased access to private transportation, social networks, and mobility.
3
 
Although 90% of adults 65 and older drive, this proportion declines with age and is 
related to health status, meaning that those who are most in need of health services are 
often unable to drive themselves and may turn to other modes to access care.
4
 In urban 
areas, public transportation is increasingly providing an alternative form of transportation 
for non-drivers. Between 2001 and 2009, the share of trips for older adults taken by 
public transportation increased by 40%, and non-drivers relied on public transport for 
nearly a quarter of all trips.
5
 Despite the recent growth, older adults took only 1.5% of all 
trips by public transport in 2009,
5
 which may be partially due to the fact that nearly a 
third of older adults were predicted to live in areas with poor transit access in 2015.
6
 
In order to rely on public transportation to access health services, older adults 
need to have the option available and then choose to take it. These two factors can be 
distinguished as potential and realized access to public transport: potential access is the 
ability of individuals to use a service, while realized access (sometimes referred to as 





Although the availability or use of public transportation has been studied, we are 
not aware of any research that specifically addresses the association between potential 
and realized access to public transportation for health services. Surveys of specific patient 
populations have found varying relationships between realized access to public 
transportation and the use of outpatient services, from patients being more likely to miss 
or reschedule appointments
8
 to having more chronic care appointments.
9
 In contrast, 
studies that have looked only at potential access to public transport have not been able to 
find a relationship between public transportation and health service use.
10,11
  
In order to untangle the differences between access to public transport and health 
service use, it is important to first understand the relationship between potential and 
realized access to public transportation itself in the context of health services: if public 
transportation is available, do individuals use it to travel to health services? How do other 
barriers or enablers to accessing health services affect the relationship between public 
transportation and access to care? In this analysis, we address the relationship between 
potential and realized access to public transportation as well as individual characteristics 
that influence the use of public transport when it is available. 
 
Conceptual framework 
In terms of understanding the role of transportation in access to care, the Institute 
of Medicine’s (IOM) model is most appropriate and has been used to understand the 
relationship between transportation and access to health services in previous research.
3,12-
14
 This model describes barriers to accessing health care, which affect use of health 
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services. Once an individual chooses to use health services, their health outcomes may 
still be mediated by factors including appropriateness of care, efficacy of treatment, 
quality of providers, and patient adherence to provider recommendations.
15
 For this 
research, we are focused on the barriers to accessing health services, which, in the IOM 
framework, fall into the categories of structural, financial, and personal barriers. In the 
model, transportation is considered a structural barrier, along with the availability of 
services and the organization of health services. All of the barriers together affect an 





To evaluate the relationship between potential and realized access to public 
transport, we used two separate data sources. For potential access, two measures have 
been developed by the Center for Neighborhood Technology (CNT) to measure public 
transport availability from a given location: the transit access shed (TAS) and the transit 
connectivity index (TCI). The TAS represents the area that can be reached via public 
transportation in 30 minutes including 2 indices: the maximum distance and the possible 
locations reached within that time period. The TCI is a measure of transportation 
availability based on the number of transportation options and their frequency. Both 
measures are based in 2010-2012 transit data and are available for all cities in the U.S. 
with at least 50,000 residents.
16
 These two measures produce 3 indices (the TCI, TAS-
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distance, and TAS-destinations). Although each is based on measurable factors, all are 
scaled by the frequency of service and thus are not interpretable in specific units. The 
TCI is specifically scaled from 0-100, while the range of the TAS measures are larger. 
For all of these indices, greater values indicate better access to public transportation. 
To measure realized access to public transportation among older adults, we used 
self-reported data from the 2011 Medicare Current Beneficiary Survey (MCBS) 
conducted by the Centers for Medicare and Medicaid Services (CMS). The MCBS asks 
all respondents to identify a usual source of care (USC) and then to select their typical 
mode of transportation to get there. Thus, our sample was restricted to respondents who 
identified a usual source of care and a mode of transport. We categorized modes of 
transport into 5 categories: driving, being driven, taking public transport/walking, or 
some other mode of transportation (including ambulance, taxi, doctor coming to the 
beneficiary’s home, and other unspecified modes). Although the focus of this research is 
the use of public transportation, walking was also included in this category as another 
form of active transport. However, the majority of this group took public transportation. 
Additionally, we excluded beneficiaries not living in urban areas, defined as those 
addresses not in a Core Based Statistical Area (CBSA).
*17
 
 Individual characteristics reported in the MCBS that could influence the 
relationship between potential and realized access to public transportation were 
considered in analysis. These include demographics (age, race, gender, education, 
poverty level), health status and mobility (overall health status, number of comorbid 
                                                 
*
 CBSAs were developed by the US Office of Management and Budget. CBSAs map urban counties into 
metropolitan and metropolitan areas. 
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conditions, difficulty walking), barriers to care (household composition, English language 
proficiency) and location of USC (doctor’s office/group practice, doctor’s clinic, hospital 
outpatient department/veteran’s administration facility, or another type). 
 
Geographic Measures 
The MCBS includes limited information on beneficiaries’ location, with the most 
detailed level being their ZIP code. In contrast, the TCI and TAS are measured at the 
Census block group level. Thus, in order to match transportation measures to 
beneficiaries, we needed a shared geography between Census block groups and ZIP 
codes, the zip code tabulation area (ZCTA). Because ZIP codes are used by the postal 
system and are not a Census geography, there is no direct relationship between ZIP codes 
and any Census geography. However, the Census Bureau in 2000 specifically established 
ZCTAs to address this issue.
18
 ZCTAs are aggregated from Census blocks and 
approximate the area covered by ZIP codes. We converted beneficiaries’ 5 digit ZIP 
codes to ZCTAs using a publically available crosswalk.
19
 We also aggregated the TCI 
and both TAS indices to the ZCTA level using a weighted average of each index based 
on the proportion of the total population from each block group in each ZCTA. Finally, 
we divided values of the TAS-destinations by 10 and the TAS-distance by 1,000 to make 





We first looked at the raw relationship between potential and realized access to 
transportation. We divided each measure of potential access (TCI, TAS-distance, TAS-
destinations) into 3 categories: zero, bottom 20% of the range of values, and top 80% of 
the range. We then looked at the distribution of potential and realized access within select 
cities.  
To evaluate the association between beneficiaries’ potential and realized access to 
public transportation, , we used multilevel multinomial logit models for the relative risk 
of taking public transportation/walking as compared to driving themselves. We chose to 
use a multinomial model because the dependent variable, transportation to a USC, has 
more than 2 categories. In this case, we had three nested levels: individuals and two area 
levels. The beneficiary and their characteristics was the first individual level, the 
beneficiary’s ZCTA and its characteristics was the second level, and the city where the 
ZCTA was located was the third level. All models included both beneficiary and ZCTA 
fixed effects as covariates by controlling for beneficiary characteristics and including 
ZCTA level measures of the TCI and TAS. City information was included as random 
effects, with city specific intercepts based on the core based statistical area (CBSA) of a 
beneficiary’s residence.  
We evaluated this relationship in a base model, in models stratified by other 
barriers to care and health status measures, and finally in a model incorporating all 
variables. The base model included the independent variables of interest (the TCI and 
TAS) and controlled for beneficiaries’ demographics to understand the influence of 
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public transport without accounting for other barriers to care. We then ran the same base 
model for groups stratified by 6 characteristics: location of USC, household composition, 
language survey was completed in, overall health status, difficulty walking, and dual 
eligibility. These models allowed us to see whether the relationship between the 
availability and use of public transportation differed across groups. Finally, we evaluated 
the relationship controlling for all available covariates. 





The analysis sample includes 7,595 MCBS respondents, of which 375 use public 
transportation to get to their usual source of care (Table 3.1). As compared to other 
groups, beneficiaries who took public transportation were less likely to be white, were 
less educated, and were more likely to be dually eligible for Medicare and Medicaid. 
They were also more likely to face additional barriers to care, including completing the 
survey in a language other than English or having difficulty walking. 
The sample included 1,332 ZCTAs in 135 CBSAs. Across ZCTAs, the mean TCI 
was 4.9 (standard deviation: 9.8), the TAS-distance had a mean of 13.2 (SD: 13.2) and 
the mean TAS-destinations was 16.9 (SD: 21.7). Table 3.2 shows the distribution of 
ZCTAs and sample respondents for the three measures of potential access. Depending on 
the measure, 15-20% of both ZCTAs and respondents are in areas with values of zero on 
the potential access measures, meaning that they have no public transport in the area. An 
additional 50-80% of ZCTAs and respondents are in areas with potential access in the 
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bottom fifth of the indices, meaning that they have very limited potential access to public 
transport. Very few areas fall in the top fifth of the range for each measure. However, the 
proportion of respondents using public transport (realized access) increases as potential 
access increases. 
Figure 3.1 shows two areas, New York City and central Florida, and the measures 
of potential and realized access to public transportation across ZCTAs in each location.  
Both potential and realized access levels and distributions differ across locations. In 
central Florida, there is little variation in potential access to public transport—most 
ZCTAs have either zero values or fall in the bottom fifth of the range for all three 
measures. Accordingly, less than 20% of respondents use public transport in nearly all 
ZCTAs in this location. In contrast, there is significant variation in the New York City 
area, with the most potential access in the center and decreasing access further away. 
Realized access to public transport follows the same pattern. 
The results from the base model, including only demographics, are shown in 
Table 3. For all models, the reference group is respondents who drove themselves to their 
USC, compared to those that were driven, took public transportation or walked, and those 
using other forms of transportation. Only results from the comparison between driving 
and taking public transit/walking are shown. In the base model, beneficiaries in areas 
with better potential access to public transport are significantly more likely to use public 
transit than to drive themselves. This is particularly true in areas with greater availability 
of public transit (measured by the TCI). Those beneficiaries with that can access more 
locations via public transit (measured by the TAS-destinations) are also more likely to be 
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driven than to drive themselves, but potential access to public transit that allows riders to 
travel further (TAS-distance) does not appear to increase the likelihood of being driven as 
opposed to driving themselves. 
Models stratified by other barriers to care are shown in Table 3.4. For those 
barriers that interact with public transport, the role of public transport quality should 
differ between stratified models, while those that are independent will have the same 
relationship between the potential and realized access for both models. Across the 
barriers, the strongest enablers for the TCI are weaker for the TAS, although the 
association between potential and realized access to public transportation is relatively 
consistent despite other barriers. For example, availability of public transport (the TCI) is 
a greater enabler to use of public transport for beneficiaries with mobility limitations who 
have difficulty walking ¼ mile, but being able to access more locations via public transit 
(the TAS-destinations) is a significant enabler for those beneficiaries with greater 
mobility. The type of a beneficiary’s USC is the only measure that seems to make a 
significant difference in the relationship. Beneficiaries going to a doctor’s office or clinic 
are likely to benefit from greater public transport availability (the TCI), but not from 
being able to travel more places (the TAS measures). 
The final model in Table 3.3 includes demographics, health status, and other 
barriers to care. In this case, the TCI and TAS-destinations continue to be positively 
associated with realized access to public transportation. Greater availability of public 
transportation, as measured by the TCI, is associated with a 6% greater relative risk of 
taking public transport rather than driving. Greater availability measured by the TCI-
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destinations is associated with a 2% increase in the relative risk, while there is not a 
statistically significant association with the TAS-distance. Thus, the relationship between 
potential and realized access to public transport acts independently of the other barriers to 
care and health status measures. In this model, the other barriers to care continue to be 
significant and separate predictors of use of public transport as well. 
 
Discussion 
Overall, we did find a relationship between measures of potential access to public 
transportation and realized access in the context of health services. Generally, individuals 
are more likely to use public transit if it is more available. However, consistent with 
previous research, we found that few MCBS respondents chose public transportation at 
all; most drove themselves to their USC. Even in areas with the best public transport 
realized access could be relatively low, when measured by the TCI areas in at the top of 
the range had realized access as high as 80%, but the TAS using distance had realized 
access of only about 40% in the highest areas. 
After accounting for beneficiary characteristics, we still found a significant 
relationship between potential and realized access to public transportation. Although this 
relationship is strong, there are still few older adults taking public transportation at all, 
and those that are using it seem to be concentrated in the few areas with the best potential 
access. For these reasons, it is not surprising that studies measuring realized access to 
public transportation have been able to show an association with health service use, but 
those using potential access have had more difficulty. In order to see the latter 
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association, researchers need sufficient power to detect differences in service use even 
after the attenuation between potential and realized access to public transport, which 
would generally require a large sample. 
Our study was able to find an association between potential and realized access to 
public transportation for health services, but there are some limitations to the findings. 
We are able to examine relative differences in potential access to public transport as 
measured by public transport availability, but the nature of the measures we used does 
not allow us to categorize the overall quality of the transport system. Our sample was also 
restricted to individuals who could identify a usual source of care, and these beneficiaries 
may be different than those who do not have a usual source of care, including their use of 
public transportation. We also do not know the specifics of respondents’ origin and 
destination of their usual source of care, but have assumed that public transportation 
accessibility in general is also applicable to transportation to a usual source of care. Our 
finding that there is an association between potential and realized access supports this 
assumption. We chose to include walking with taking public transportation since they are 
both modes of active transport, but if walkers are different in some way than those taking 
public transportation, this may affect our findings. Finally, we used potential access 
measures at the ZCTA level due to the availability of information about MCBS 
respondents. However, ZCTAs are of varying sizes, and some are very large. We 
assumed that potential access was uniform across the ZCTA, although that may not be 
the case in practice. 
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Establishing the relationship between potential and realized access to public 
transportation for older adults travel to health services is a starting point to address the 
relationship between public transportation and the appropriate use of health services in 
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Table 3.1 Beneficiary demographic characteristics, health status, barriers to 
accessing health services, and mobility by mode of transportation to their usual 
source of care (USC) in the analytic sample from the Medicare Current Beneficiary 
Survey  







Total  5,233 1,868 375 129 
Weighted percent 71.7% 21.5% 5.2% 1.5% 
Male 48.5% 26.1% 38.2% 23.1% 
Race/Ethnicity     
White 88.8% 76.9% 52.7% 65.9% 
Black 7.2% 12.3% 25.8% 22.2% 
Other 1.7% 2.6% 5.6% 0.5% 
Asian 1.2% 3.3% 8.4% 3.0% 
Hispanic 1.1% 4.9% 7.5% 8.5% 
Age     
65-69 32.5% 13.7% 33.6% 14.8% 
70-74 27.7% 16.5% 26.7% 17.0% 
75-79 19.0% 18.5% 14.6% 18.4% 
80-84 12.4% 21.2% 12.7% 18.3% 
85+ 8.4% 30.1% 12.3% 31.4% 
Education     
Less than HS 12.5% 35.6% 35.2% 37.3% 
HS Diploma/Vocational degree 32.4% 36.5% 27.9% 30.7% 
Some college/Associates degree 24.2% 14.5% 13.8% 14.3% 
Bachelor's degree or more 30.9% 13.4% 23.1% 17.6% 
Trouble getting needed care 2.5% 4.5% 6.8% 4.8% 
At least 1 Part B claim 63.5% 69.6% 62.4% 61.8% 
At least 1 hospital stay 11.7% 26.5% 15.0% 26.0% 
Dual eligible 5.3% 22.7% 34.0% 34.1% 
Health Status     
Excellent 23.2% 7.8% 14.0% 12.0% 
Very good 37.6% 21.2% 24.3% 21.3% 
Good 27.6% 34.2% 34.1% 27.9% 
Fair 9.6% 26.6% 21.9% 26.1% 
Poor 2.1% 10.2% 5.7% 12.7% 
Household composition     
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Lives alone 27.7% 29.1% 42.2% 56.7% 
1 other person 59.3% 45.5% 42.3% 30.8% 
2+ other people 13.0% 25.4% 15.5% 12.5% 
Completed survey in language 
other than English 
1.6% 6.3% 14.5% 8.8% 
Difficulty walking 1/4 mile or 2-3 
blocks:  
    No difficulty 66.3% 26.1% 58.9% 24.1% 
little difficulty 10.9% 10.6% 10.8% 12.8% 
some difficulty 8.3% 12.3% 10.7% 11.8% 
A lot of difficulty 7.1% 15.9% 11.0% 14.5% 
Unable to do 7.4% 35.0% 8.7% 36.9% 
Location of USC     
Doctor's office/group practice 84.1% 85.4% 71.4% 75.9% 
Doctor's clinic 11.1% 9.3% 13.3% 5.0% 
Hospital outpatient department/ 
VA 
3.6% 4.2% 11.1% 10.4% 
Other 1.2% 1.2% 4.2% 8.7% 
 
HS: High school 




Table 3.2 Relationship between public transport accessibility measures and use of public transport/walking to usual source of 
care  
 
TCI TAS (Distance) TAS (Destinations) 
 
ZCTAs MCBS respondents ZCTAs MCBS respondents ZCTAs MCBS respondents 
  n 
Public transport / 
walk to USC  n 
Public transport / 
walk to USC  n 
Public transport / 
walk to USC 








119 436 40% 453 2158 11% 249 1076 20% 
 
TCI: Transit Connectivity Index 
TAS: Transit Access Shed 
ZCTA: ZIP Code Tabulation Area 
MCBS: Medicare Current Beneficiary Survey 




Figure 3.1 Public transit access and use of public transport/walking to get to a usual 
source of care in New York City and central Florida 
Note: 
Missing areas are due to the sampling strategy of the Medicare Current Beneficiary 
Survey (MCBS) 
TCI: Transit Connectivity Index 
TAS: Transit Access Shed  
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Table 3.3 Model results for taking public transportation/walking compared to 
driving to get to a usual source of care 
 
Relative risk of taking public 
transportation 
 
Base model Final Model 
TCI 1.07*** 1.06*** 
TAS-distance 1.01 1.00 
TAS-destinations 1.02*** 1.02*** 
Female 1.70*** 1.72*** 
Race/Ethnicity   
White Ref  
Black 2.27*** 2.20*** 
Other 2.98** 3.02** 
Asian 4.54*** 2.97** 
Hispanic 3.40*** 1.00 
Age 1.02* 1.03** 
Education   
Less than HS 3.18*** 1.94** 
HS Diploma/ Vocational degree 1.52* 1.25 
Some college/Associates degree 1.22 1.05 
Bachelor's degree or more Ref  
Number of chronic conditions  1.11*** 
Hospitalization in the past year  1.28 
Dual eligible  4.15*** 
Lives with others  0.68** 
Completed survey in language 
other than English 
 
3.12*** 
USC is not a doctors' office/clinic  2.39*** 
Fair/Poor health  1.92*** 
Some difficulty walking ¼ mile  0.69* 




Table 3.4 Model results for taking public transportation/walking compared to 
driving to get to a usual source of care (USC) by public transportation access in 
stratified models 
 
Relative risk of taking public transit with more 
accessible public transportation  
 
TCI TAS-distance TAS-destinations 
Base model (demographics only) 1.07*** 1.01 1.02*** 
    USC is a doctor’s office or clinic 1.08*** 1.00 1.02** 
Other type of USC facility 1.00 1.04* 1.04* 
    Lives alone 1.06** 1.01 1.02* 
Lives with others 1.08*** 1.01 1.02* 
    Completed survey in English 1.06*** 1.01 1.02 
Completed survey in other language 1.06 1.00 1.03* 
    Excellent/very good/good health 1.08*** 1.01 1.01** 
Fair/poor health 1.05** 1.00** 1.04*** 
    No difficulty walking ¼ mile 1.05** 1.01 1.03*** 
Some difficulty walking ¼ mile 1.09*** 1.01 1.01 
    Not dual eligible 1.07*** 1.01 1.02** 
Dual eligible 1.06* 1.10 1.03* 
 
*p<0.05, **p<0.01, ***p<0.001 
TCI: Transit Connectivity Index 
TAS: Transit Access Shed 
Note: Each row represents a separate model stratified by other barriers to care or health 
status. Models adjusted for demographics (age, race, gender, education, poverty level) 
and include city specific intercepts. 
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Chapter 4. Public Transport and Use of Health Services in Older Adults 
 
Introduction 
Older adults face multiple barriers to using health services, the second most 
commonly cited being transportation.
1,2
 This barrier manifests in different ways for older 
adults than for the general population. As they age, older adults are less likely to be able 
to drive themselves,
3
 they may have less robust social networks to provide transportation, 
and reduced mobility may force them to change previous transportation methods.
4
 
Additionally, older adults are likely to have multiple chronic conditions and need more 
frequent access to health services than younger individuals.
5
 
As older adults are beginning to age in place, the number and proportion living in 
urban areas is expected to grow.
6
 In such urban areas, public transportation can enable 
older adults’ access to health services if it is available and if they choose to use it. 
Previously, we have found that older adults are more likely to use public transportation to 
get to their usual source of care if the transportation near their residence is higher quality. 
However, this does not necessarily mean that they are getting more appropriate care. 
There is limited published research on public transportation with mixed findings; 
only some studies observed a relationship between public transport and access to health 
services. Among patients in an immigrant community who arrived at an outpatient clinic 
in suburban New York, 24% reported previously missing or rescheduling an appointment 
due to transportation problems. This proportion was even higher among the 15% of 
patients who had arrived at the clinic by bus.
7
 In contrast, commuting time and use of 
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public transportation in the area where women live were not associated with an 
individual’s receipt of a pap smear or mammogram nationally.
8
 Additionally, a study 
examining the effect of a bus driver strike on the proportion of missed appointments at a 




We are not aware of any studies addressing the role of public transport in older 
adults’ access to health services. Thus, this research begins to fill this gap by looking at 
patterns health service use via public transport across the United States and within large 
cities. We focus on whether public transport can enable more appropriate use of health 
services. In this study, we consider 2 types of health services that would indicate more 
appropriate care: primary care visits and potentially avoidable hospitalizations. 
For primary care visits, we consider having at least one primary care visit during 
the year to be more appropriate than having no primary care visits. Less than half of older 
adults are up to date in terms of receiving core clinical preventive services,
10
 which are 
typically provided by primary care providers (PCPs). Additionally, more than half of 
older adults have multiple chronic conditions,
5
 and PCPs are able to help older adults 
manage their health across these conditions.  
Avoidable hospitalizations, on the other hand, are an indicator of the lack of 
appropriate outpatient services. Generally, these are hospitalizations that could have been 






In this study, we evaluate the relationship between access to public transportation 
and appropriate use of health services for older adults. We ask whether individuals living 
in areas with better public transport are more likely to see a primary care physician in the 
last year and whether they are less likely to have an avoidable hospitalization. 
 
Conceptual Framework 
The role of public transport in appropriate use of health services fits into the 
health in all policy model, which focuses on the interaction between a patient’s 
environment and their health, specifically including non-medical factors that influence 
health.
12
 Within this context, transportation also plays a direct role in access to care, and 
is conceptualized within the Institute of Medicine’s (IOM) model of access to care 
(Figure 4.1).
13
 In this case, access is defined as “the timely use of personal health services 
to achieve the best possible health outcomes” (p4), which would encompass appropriate 
use of health services. The model includes three categories of barriers: structural, 
financial, and personal barriers to care; in which transportation is a structural barrier. 
According to the IOM’s model, barriers to care influence use of services, which in turn 
influence outcomes including health status and equity of services. Mediating factors may 
influence the relationship between use of services and outcomes. Within the IOM’s 
model, this study is focused on the first relationship between barriers to care (specifically 






To understand the quality of public transportation at a beneficiary’s residence, we 
used measures developed by the Center for Neighborhood Technology (CNT): the transit 
access shed (TAS) and the transit connectivity index (TCI). Both measures are based on 




Medicare beneficiary data comes from 2011 Medicare claims for a 5% random 
sample of fee-for-service (FFS) beneficiaries, restricted to those aged 65 and older living 
in an urban area. This source includes all FFS claims during the year, as well as 
demographic data (age, race, gender, zip code, urban status), and 27 chronic conditions 
identified by past service utilization.
15
 
We added area level information about a beneficiary’s residence based on their 
mailing address. This included median per capita income and proportion of households 
with vehicles from the US Census. We also used two indices that capture neighborhood 
depravation, the Area Deprivation Index (ADI) and the Townsend Index. 
 
Measures 
The independent variables of interest were measures of public transportation 
availability, the TCI and TAS. The TCI measures the number of transportation options 
and their frequency from a given location. ). The TAS represents the area that can be 
reached via public transportation in 30 minutes including 2 indices: the maximum 
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distance and the possible locations reached within that time period.
14
 CNT has developed 
these measures at the Census block group level, but to match the Medicare claims, we 
aggregated these to the ZCTA level using the population weighted mean of the block 
groups. These two measures produce 3 indices (the TCI, TAS-distance, and TAS-
destinations). Although each is based on measurable factors, all are scaled by the 
frequency of service and thus are not interpretable in specific units. The TCI is 
specifically scaled from 0-100, while the range of the TAS measures are larger. For all of 
these indices, greater values indicate better access to public transportation. Because both 
of the TAS measures have large raw values, we used TAS (destinations) divided by 10 
and TAS (distance) divided by 1000 in our analyses. Additionally, beneficiaries’ home 




We identified primary care visits based on CMS’ Primary Care Incentive Payment 
(PCIP) program. The PCIP was established under the Affordable Care Act and increases 
payments for primary care services provided by qualifying primary care providers 
beginning in 2011. CMS identifies primary care services provided in the outpatient 
setting with CPT codes 99201-99215. To be considered a primary care provider (PCP), at 
least 60% of a provider’s Medicare claims must be for these primary care services.
17
 For 
our analysis, we identified primary care visits as Medicare outpatient or carrier claims for 
primary care services provided by a qualifying PCP. We used a dichotomous measure of 
having no primary care visits in 2011 or having 1 or more visit. 
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We used the Agency for Healthcare Research and Quality’s (AHRQ) prevention 
quality indicators (PQIs) to identify preventable hospitalizations. These are 14 indicators 
that can be used with hospital inpatient discharge data (such as the inpatient claims data) 
to identify hospitalizations for ambulatory care sensitive conditions based on ICD-9 
codes.
11
 The PQIs are typically used to evaluate hospitalization rates across a population 
using only inpatient claims data. In contrast, we have a defined population (5% of all FFS 
Medicare beneficiaries), and can identify all hospitalizations across this particular 
population. Thus, rather than evaluate the hospitalization rate for the entire population, 
we looked at the rate among the subpopulation with a particular ambulatory care sensitive 
condition. We identified beneficiaries with these conditions using Chronic Condition 




In order to determine potentially preventable hospitalizations within the condition 
cohorts, we used only those PQIs that applied to a CCW chronic condition. This left us 
with 8 PQIs (diabetes short-term complication admissions, diabetes long-term 
complication admissions, uncontrolled diabetes admissions, lower-extremity amputation 
with diabetes, chronic obstructive pulmonary disease (COPD) admissions, hypertension 
admissions, congestive heart failure admissions, and angina admissions without 
procedure) across 5 condition cohorts (diabetes, COPD/asthma, hypertension, heart 
failure, and heart disease). Each condition cohort included all beneficiaries with the CCW 
flag prior to 2011. We then considered hospital admissions for the appropriate PQI for 
the cohort to be a potentially preventable admission. For each condition cohort, 
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beneficiaries were dichotomized into having no potentially preventable admissions or one 
or more. Condition cohorts were not mutually exclusive, and beneficiaries with multiple 
chronic conditions could be in multiple disease cohorts. 
We controlled for beneficiary demographics, health status, and home location. 
Demographics (sex, race/ethnicity, dual eligibility, and age) and health status (27 CCW 
chronic conditions and ESRD) were obtained from the Medicare Beneficiary Summary 
File. Characteristics of the beneficiary’s home ZCTA were the proportion of households 
with vehicles, and median income from the Census. To account for other barriers to care 
that might interact with access to public transport, we included two indices that capture 
neighborhood depravation using Census variables in our analysis. One is the Area 
Depravation Index (ADI), developed in the United States based on predicting mortality at 
the county level.
18
 The other is the Townsend Index, developed in the United Kingdom 





To evaluate whether beneficiaries living in areas with better public transportation 
are more likely to have a primary care visit during the year nationally, we used multilevel 
logit models for the odds of having at least one primary care visit as a function of public 
transport quality. In this case, we had three nested levels: individuals and two area levels. 
The beneficiary and their characteristics was the first individual level, the beneficiary’s 
ZCTA and its characteristics was the second level, and the city where the ZCTA was 
located was the third level. We included both beneficiary and ZCTA measures as fixed 
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effects by controlling for beneficiary demographics, health status, proportion of 
households with vehicles in the ZCTA, and ZCTA median income. City information was 
included only as random effects, with city specific intercepts based on the core based 
statistical area (CBSA) of a beneficiary’s residence. These account for similarities within 
a city, such as use of the same public transport system. The CBSA maps counties into 
metropolitan and metropolitan areas. 
To evaluate whether the quality of public transportation is associated with 
potentially preventable hospitalizations, we used similar models: multilevel logit models 
for an avoidable hospitalization as a function of public transport quality, controlling for 
beneficiary demographics and location of residence and including city-level random 
intercepts. We did not include health status covariates in these models as they are already 
disease cohorts and thus more homogenous than the entire sample. For this outcome, we 
evaluated the odds of having a potentially preventable admission for each condition 
cohort separately, but combined the 4 PQIs for diabetes into a single model. 
 
Sensitivity Analysis 
The main analysis included all older adults enrolled in FFS Medicare. Although 
we believe that the relationship between public transport and appropriate use of health 
services is likely to be similar across this population, there may be some variation by 
location and/or patient characteristics. For this reason, we conducted a number of 
sensitivity analyses to assess the consistency of our findings. For these sensitivity 
analyses, we looked at only two outcomes: having at least one primary care visit in the 
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last year and heart failure hospital admissions among beneficiaries with chronic heart 
failure. 
First, we assessed whether the relationship between access to public transport and 
primary care visits differed between cities. In this case, we modeled the relationship for 6 
large cities with varying transportation systems: New York City, NY; Los Angeles, CA; 
Chicago, IL; Dallas, TX; Washington, DC; and Miami, FL, with a separate model for 
each city. These models controlled for the same beneficiary and ZCTA characteristics as 
the national model, with the exception of some of the CCW indicators. In the models for 
primary care, we collapsed all of the cancer CCW flags into a single cancer indicator to 
reduce the number of covariates for these smaller samples. 
We also assessed whether the relationship differed for low income beneficiaries 
than the larger population. For these analyses, we restricted the sample in 2 ways. First, 
we looked only at dually eligible beneficiaries, and then we looked only at beneficiaries 
living in low income ZCTAs. In this case, low income ZCTAs were defined as those in 
the bottom 20% by median per capita income. 
 
Results 
Our full analysis sample included 1,068,958beneficiaries living in urban areas for 
which we had transportation quality measures. Beneficiary characteristics are shown in 
Table 4.1. Three quarters (77%) of these beneficiaries had at least one primary care visit 
in 2011. There were a total of 1,146,313 beneficiaries in at least one disease cohort. The 
disease cohorts ranged in size from 245,000 beneficiaries with a heart failure CCW flag 
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to 800,000 beneficiaries with a hypertension CCW flag prior to 2011. The proportion of 
each cohort with a potentially preventable hospitalization also varied by diagnosis, with 
3.5% of COPD/asthma patients hospitalized for one of those conditions, while only 
0.06% of heart disease patients were hospitalized for angina without a procedure. 
Table 4.2 shows the characteristics of the 21,236 ZCTAs that the beneficiaries 
resided in. The measures of transportation are highly variable. However, the majority of 
ZCTAs have low quality public transportation, with a few inner city areas having 
significantly better public transport. 
The odds of having a primary care visit are shown in Table 4.3. Surprisingly, 
beneficiaries residing in ZCTAs with better public transportation are slightly less likely to 
visit a PCP, even after controlling for demographics, health status, and area measures. 
Despite the fact that the measures of public transport quality are statistically significant, 
the odds ratios are nearly equal to one hence yielding limited practical meaning for the 
relationship between access to public transport and having primary care visits. 
The odds of a potentially preventable hospitalization for each disease cohort are 
shown in Table 4.4. In this case, there is no significant relationship between the quality of 
public transport and avoidable hospitalizations for any of the disease cohorts. 
In these models, the relationships between the covariates and use of health 
services are what would be expected. For example, higher income beneficiaries are more 
likely to have appropriate use of health services, while dual eligible beneficiaries and 
those living in low income areas are less likely to use services appropriately. 
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The results from the sensitivity analyses are consistent with our findings for the 
overall sample. The odds of more appropriately using health services from the stratified 
city models are shown in Table 4.5. Across the six cities chosen, the same relationship 
holds as in the full sample: there is no meaningful relationship between living in areas 
with better public transport and having a PCP visit or potentially preventable 
hospitalization. Table 4.6 shows the sensitivity analysis evaluating the relationship 
between appropriate use of health services and access to public transport for low income 
beneficiaries. Again, the relationship for these low income populations does not differ 
from the overall sample. 
 
Discussion 
In this study we found that better access to public transport is not necessarily 
associated with more appropriate use of outpatient health services. The quality of public 
transport within a city was not associated with avoidable hospitalizations in our analysis. 
In terms of PCP visits, we found no meaningful relationship, although the models did 
have statistically significant inverse relationships: beneficiaries living in areas with better 
public transport may be less likely to have primary care visits. This relationship was 
consistent across cities and for the low income populations that we evaluated. 
Previously, we have shown that when quality public transport is available, 
Medicare beneficiaries are more likely to take public transport to get to their usual source 
of care. It would follow that if public transport effectively removes transportation as a 
barrier to care, that areas with better public transport would have more appropriate use of 
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outpatient services than areas with poor public transport. However, we have not found 
this to be the case, and there are a number of reasons that this may be.  
One possibility is that other barriers to care may still prevent beneficiaries from 
using ambulatory care most appropriately. In this case, the improvement in access to care 
provided by public transport may be hidden by other barriers that are more significant 
and that we were not able to measure in this analysis. This could be financial barriers, 
which are more commonly cited than transportation, or health status, such as disability, 
that prevents individuals from using available public transport. It is also possible that 
public transportation does not effectively remove the barrier. Although it may allow 
patients to get to healthcare providers, it may be that public transportation is not a 
convenient method and is only used as a last resort to access care. This is particularly true 
with trip chaining; if an individual is traveling to other locations in addition to their 
health provider during the same trip, public transportation may not be a convenient way 
to access all of the locations. If this is the case, then even though public transportation 
does enable access to care, it still does not effectively remove the barrier. 
Another possibility is that too few beneficiaries use public transportation for us to 
see the benefit in an analysis of the full Medicare population. Only around 4% of 
Medicare beneficiaries use public transportation to get to their usual source of care. Thus, 
even if the quality of public transportation is extremely important for these few 
beneficiaries, the much larger population that does not use public transport may make it 
difficult for us to see an association between the quality of public transport and health 
service use across the entire population. This would be consistent with previous research 
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that has found public transport to be associated with health service use when they focus 
on a small area where individuals are likely to be dependent on public transport,
20
 but not 
for the general population.
8,9
 With the large sample size in this analysis, we were hoping 
to observe a relationship despite the fact that it had not been found in previous research. 
Finally, it is possible that the transportation barrier is solved through other means. 
For example, state Medicaid programs are required to provide some sort of non-
emergency medical transportation to their enrollees, which can include anything from 
public transportation vouchers to brokered transportation services.
21
 Thus, depending on 
the transportation that their state provides dual eligible beneficiaries, transportation may 
not be a barrier to care. Other transportation solutions include social support programs,
22
 
community organizations that provide transportation
23
 and shuttle services from 
healthcare providers. Or, it is possible that transportation is addressed along with other 
barriers to care, i.e. if an older adult needs someone to accompany them to an 
appointment, that person may also provide transportation to the provider. 
There are some limitations of this analysis, particularly the measures that were 
available in the Medicare claims dataset. This dataset includes limited demographic and 
health status measures, which may have affected our ability to measure the independent 
association of public transport and health service use. There are few socioeconomic 
measures in our dataset: just race and dual eligibility. Other factors, such as more detailed 
poverty measures, availability of a car, or social support may influence a beneficiary’s 
appropriate use of outpatient services. Thus, even though we did not find a different 
relationship for the low income populations we evaluated, there may still be differences 
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that could be observed with a more granular measure of beneficiary socioeconomic 
status. Additionally, the health status measures are based on previous claims, and do not 
include measures of disability, which could be associated with use of public transport and 
outpatient service use. This analysis also includes only FFS beneficiaries, and in 2011 
one quarter of all beneficiaries were not enrolled in FFS and instead enrolled in Medicare 
Advantage.
24
 To the extent that those beneficiaries enrolled in Medicare Advantage have 
different access to public transportation or health service utilization than FFS 
beneficiaries, our findings are not generalizable to the broader Medicare population. 
We only looked at health service utilization in a single year, and thus can only 
discuss the possible associations between access to public transportation and use of health 
services, rather than a causal relationship between the two measures. Additionally, there 
is a possibility that transportation availability and use are endogenous, particularly if 
beneficiaries or health providers choose to locate in areas that are accessible via public 
transport. If this were the case, then we would not be able to observe any effect of better 
public transportation because only those beneficiaries that needed public transportation 
would live in areas with better public transportation, while individuals with other means 
of transportation would choose to live in areas with poor public transit, and everyone 
would be able to access health services due to their location choices. Our evaluation of 
different cities tries to address this issue by comparing beneficiaries with access to the 
same transit system, but may not completely avoid it. 
Another limitation is that the smallest geographic unit in the Medicare data is the 
zip code, although the transportation measures are available at the Census block group 
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level. For older adults, the zip code may be too large of a unit to appropriately measure 
the quality of public transport, as they may not be willing or able to walk that far. Future 
research focusing on a more localized area may do a better job at determining areas with 
good and poor public transport within ZCTAs, and may in turn see a stronger relationship 
between public transport quality and appropriate use of health services. And policy 
solutions must be localized as well—policy interventions at the city level may only affect 
access in pockets of the entire service area. 
Although we did not find a relationship between access to public transportation 
and more appropriate use of health services among the older adult Medicare population, it 
is possible that this is not the population for which public transportation is most 
important. Further research should evaluate whether access to public transportation 
enables more appropriate use of health services for other groups, particularly other 
vulnerable populations who may face transportation barriers to care. 
Based on the finding that higher quality public transport is not associated with 
more appropriate use of outpatient services, further research may need to focus on how 
the barrier to transportation is being addressed and whether effective solutions can be 
expanded. A better understanding of Medicare and other transportation services could 
shed light on the effectiveness of other ways to address transportation as a barrier to care. 
These could include transportation options specifically for older adults or for all patients 
to specific providers. Further research should examine the current state of these options 
and how successful they are in enabling access to health services. If they are successful, 
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the best policy option could be expanding these services rather than relying on public 
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Figure 4.1 Institute of Medicine’s model of access to personal health care services 
 




Table 4.1 Beneficiary outcomes, demographics, and chronic conditions in 2011 for 5% Medicare fee-for-service analysis 












Beneficiaries 1,068,958 275,482 245,678 803,036 477,936 345,399 
Primary care visits in 
2011 
      
At least 1 77.2%      
Mean 4.1      
Avoidable 
hospitalization 
 2.67% 3.46% 0.19% 0.06% 0.89% 
Mean age 76.1 78.3 80.3 77.5 78.7 77.1 
Female 57.6% 59.8% 58.0% 58.7% 53.3% 55.4% 
Race       
White 85.9% 86.4% 83.7% 85.1% 86.1% 80.4% 
Black 8.2% 8.0% 10.4% 9.1% 8.1% 11.7% 
Asian 2.0% 1.9% 2.0% 2.0% 2.0% 2.7% 
Hispanic 1.8% 2.1% 2.4% 1.8% 2.0% 2.7% 
Other 2.1% 1.6% 1.7% 1.9% 1.8% 2.5% 
Dual eligible 13.0% 19.6% 21.3% 14.6% 16.2% 19.5% 
Chronic conditions       
AMI 0.8% 7.1% 11.4% 5.2% 9.0% 6.4% 
Alzheimer's Disease 5.4% 8.1% 10.6% 6.4% 7.9% 7.1% 
Alzheimer's Disease, 
Related Disorders, 














or Senile Dementia 
Atrial Fibrillation 9.2% 20.8% 33.3% 15.9% 22.6% 17.3% 
Cataract 22.6% 73.3% 76.2% 68.4% 73.0% 68.0% 
Chronic Kidney 
Disease 
15.0% 28.8% 39.2% 22.7% 28.2% 30.5% 
COPD 11.1% 84.1% 44.2% 26.0% 33.6% 29.5% 
Heart Failure 15.5% 43.5% 100.0% 29.4% 42.4% 37.4% 
Diabetes 28.0% 43.1% 52.6% 40.3% 45.3% 100.0% 
Glaucoma 12.1% 25.5% 27.5% 24.3% 25.9% 26.6% 
Hip / Pelvic Fracture 0.9% 5.3% 6.5% 3.8% 4.6% 3.7% 
Heart Disease 32.5% 66.3% 82.6% 55.0% 100.0% 62.7% 
Depression 12.2% 36.4% 36.8% 26.9% 30.8% 29.5% 
Osteoporosis 8.2% 28.6% 28.3% 23.2% 25.1% 20.9% 
Arthritis 31.3% 64.8% 67.8% 56.2% 62.0% 58.2% 
Stroke 4.1% 20.9% 26.3% 16.4% 21.2% 18.8% 
Breast Cancer 3.4% 6.1% 6.1% 5.7% 5.5% 5.4% 
Colorectal Cancer 1.4% 3.8% 4.3% 3.2% 3.7% 3.5% 
Prostate  Cancer 3.9% 6.4% 7.1% 6.3% 7.5% 6.6% 
Lung Cancer 0.9% 3.0% 1.8% 1.3% 1.6% 1.3% 
Endometrial Cancer 0.3% 0.9% 1.1% 0.9% 0.9% 0.9% 
Anemia 24.9% 65.5% 75.4% 55.5% 64.8% 62.7% 
Asthma 4.4% 40.9% 19.8% 12.6% 15.2% 14.7% 
















7.2% 21.0% 23.0% 19.2% 23.4% 20.7% 
Hypertension 61.5% 89.4% 96.2% 100.0% 92.4% 93.7% 
Hypothyroidism 9.8% 24.9% 27.3% 21.0% 23.4% 22.4% 
ESRD 0.6% 1.1% 2.0% 0.8% 1.1% 1.5% 
 
Note: Disease cohorts are based on the presence of the chronic condition prior to 2011 using claims 
COPD: Chronic obstructive pulmonary disease 
AMI: Acute myocardial infarction 




Table 4.2 Public transit availability, household characteristics, and deprivation measures for Zip Code Tabulation Areas 












ZCTAs 21,236 18,965 18,505 20,849 19,967 19,331 
TCI  
(Standard Deviation) 
1.8 2.0 2.0 1.8 1.9 1.9 
(5.7) (5.9) (5.9) (5.7) (5.8) (5.8) 
TAS: Distance (SD) 6 7 7 6 6 6 
(11.3) (11.6) (11.6) (11.3) (11.5) (11.5) 
TAS: Destinations (SD) 7.0 7.6 7.8 7.1 7.4 7.5 
(14.7) (15.2) (15.3) (14.8) (15.0) (15.2) 
Households with       
No vehicles 7% 7% 7% 7% 7% 7% 
1 vehicle 30% 31% 31% 30% 31% 31% 
2 vehicles 39% 39% 39% 39% 39% 39% 
3+ vehicles 24% 23% 23% 24% 24% 24% 
Median income $28,329 $27,779 $27,829 $27,587 $27,690 $27,777 
Townsend index (SD) -0.03 -0.02 -0.02 -0.03 -0.03 -0.03 
(1.5) (1.3) (1.4) (1.5) (1.4) (1.4) 
Area Depravation Index (SD) 100.2 94.7 94.5 95.4 95.0 94.8 




TCI: Transit Connectivity Index 
TAS: Transit Access Shed 
97 
 
Table 4.3 Model results for having at least one primary care visit during the year 
compared to no visits 
Variable 
Odds Ratio for having at  
least 1 primary care visit 
Transportation Measures  
TCI 1.000 
TAS (distance) 0.998*** 








Dual eligible 0.636*** 
Age 0.995*** 
Townsend Index 1.002 
ADI 1.001*** 
Households with  
No vehicles 1.004*** 
1 vehicle 1.002*** 
2 vehicles 1.005*** 
3+ vehicles Ref 
ZCTA Median income 1.000*** 
Comorbidities  
AMI 0.765*** 
Alzheimer's Disease 0.659*** 
Alzheimer's Disease, 
Related Disorders, 
or Senile Dementia 
0.535*** 






Heart Failure 0.693*** 
Diabetes 1.309*** 
Glaucoma 1.493*** 




Odds Ratio for having at  
least 1 primary care visit 





Breast Cancer 1.825*** 
Colorectal Cancer 1.362*** 
Prostate Cancer 2.018*** 
Lung Cancer 1.786*** 











*p<0.05, **p<0.01, ***p<0.001 
 
Note: Model includes city specific intercepts 
 
TCI: Transit Connectivity Index 
TAS: Transit Access Shed 
ADI: Area deprivation index 
ZCTA: Zip Code Tabulation Area 
COPD: Chronic obstructive pulmonary disease 
AMI: Acute myocardial infarction 






Table 4.4 Model results for having a potentially preventable hospitalization during the year compared to none by disease 
cohorts 
 Odds ratio for having a potentially preventable hospitalization 
 








PQIs #1, 3, 14, 16 
(Diabetes) 
Transport Measures      
TCI 0.998 0.999 1.009 0.983 0.997 
TAS (distance) 1.000 1.001 0.994 1.003 1.002 
TAS (destinations) 1.000 0.999 1.001 0.986 0.999 
Female 1.071* 0.830*** 1.880*** 1.057 0.758*** 
Race/Ethnicity      
White Ref     
Black 0.997 1.225*** 2.550*** 1.058 1.815*** 
Asian 0.534*** 0.650*** 0.933 0.610 0.658** 
Hispanic 0.723*** 0.880 1.747*** 0.878 1.178 
Other 0.807 1.002 1.122 1.035 0.952 
Dual eligible 1.673*** 1.213*** 1.584*** 1.772*** 1.875*** 
Age 0.987*** 1.018*** 1.030*** 0.997 0.991** 
Townsend Index 1.041** 1.019 1.020 1.093 1.029 
ADI 1.002 1.003** 1.001 0.993 1.001 
Households with:      
No vehicles 1.002 0.998 1.001 1.010 1.009 
1 vehicle 0.995* 0.999 1.001 0.988 0.998 
2 vehicles 0.998 1.001 1.001 0.972 1.003 
100 
 
3+ vehicles Ref     
ZCTA Median income 1.000** 1.000 1.000 1.000* 1.000 
 
*p<0.05, **p<0.01, ***p<0.001 
 
Notes: Model includes city specific intercepts 
 Disease cohorts are based on the presence of the chronic condition prior to 2011 using claims 
 
PQI #1: Diabetes Short-Term Complications Admission 
PQI #3: Diabetes Long-Term Complications Admission 
PQI #5: Chronic Obstructive Pulmonary Disease (COPD) or Asthma Admission 
PQI #7: Hypertension Admission 
PQI #8: Heart Failure Admission  
PQI #13: Angina without Procedure Admission  
PQI #14: Uncontrolled Diabetes Admission 
PQI #16: Lower-Extremity Amputation with Diabetes 
 
TCI: Transit Connectivity Index 
TAS: Transit Access Shed 
ADI: Area deprivation index 
ZCTA: Zip Code Tabulation Area 
COPD: Chronic obstructive pulmonary disease 
AMI: Acute myocardial infarction 




Table 4.5 Model results for having a primary care visit or a potentially preventable heart failure admission by city 







Angeles Chicago Dallas Miami 
Primary care visit       
TCI 1.000 0.999 0.990* 1.005 0.995 0.989 
TAS (distance) 0.985*** 0.992*** 0.999 0.998 1.004 0.993* 
TAS (destinations) 0.999 0.995*** 1.003 0.995** 0.998 0.986*** 
PQI #8  
(Heart failure admission)       
TCI 1.009 1.007 0.967 1.001 0.964 0.975 
TAS (distance) 0.986 1.004 1.011 0.983* 0.956 1.024 
TAS (destinations) 0.997 0.994 1.004 1.000 1.035 0.996 
 
*p<0.05, **p<0.01, ***p<0.001 
Notes: Models control for beneficiary demographics and chronic conditions as well as area measures for the beneficiary’s residence 
 Heart failure admissions are among beneficiaries with heart failure prior to 2011 using claims 
TCI: Transit Connectivity Index 
TAS: Transit Access Shed 
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Table 4.6 Model results for having a primary care visit or odds of a potentially 
preventable heart failure admission by city for low income beneficiaries 






(bottom 20% of 
median PCI) 
Primary care visit   
TCI 1.005* 1.001 
TAS (distance) 0.994*** 0.995*** 
TAS (destinations) 0.998 0.999 
PQI #8  
(Heart failure admission)   
TCI 0.997 1.000 
TAS (distance) 1.001 0.999 
TAS (destinations) 0.998 0.998 
 
*p<0.05, **p<0.01, ***p<0.001 
 
Notes: Models control for beneficiary demographics and chronic conditions as well as 
area measures for the beneficiary’s residence 
 Heart failure admissions are among beneficiaries with heart failure prior to 2011 
using claims 
 
TCI: Transit Connectivity Index 




Chapter 5. Conclusions 
 
This research has explored the relationship between access to public 
transportation and access to health services for older adults in a number of ways. First, I 
validated two measures of public transportation accessibility, the TAS and the TCI. 
Second, I evaluated whether older adults with better access to public transportation are 
more likely to use public transport it to get to their usual source of care. Finally, I looked 
at whether access to public transportation facilitates more appropriate use of outpatient 
health services. Overall, I find that these are valid measures of public transport 
accessibility, and that better public transportation is associated with use of public 
transportation but not with more appropriate use of outpatient services. 
This adds to the overall understanding of barriers to care among the older adult 
population in the United States. Transportation is a frequently cited barrier to care, 
however, this research does not find that public transportation effectively removes the 
barrier. This is in contrast to the fact that older adult Medicare beneficiaries living in 
areas with better public transport are more likely to take it to get to their usual source of 
care. Perhaps, public transportation is an option of last resort, but the transportation 
barrier is generally addressed another way. It is possible that beneficiaries still have 
difficulty getting needed care on a regular basis, but also possible that older adults are 
chaining trips across a number of locations, making it difficult to use public 
transportation to accomplish all of these tasks, or that they are addressing multiple 
barriers by having someone else drive and accompany them to appointments. 
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I also only assessed outpatient service utilization as measured by use of primary 
care services and avoidable hospitalizations based on Medicare claims. I do not know 
whether public transportation plays a different role for accessing different types of health 
services, such as follow-up testing or prescriptions. Future research could assess what 
role public transportation plays in access to non-physician services, possibly using the 
same public transportation measures but focusing on other services available in the 
claims data or services only available in electronic health records. 
To better understand how older adults get to outpatient services, further research 
is needed. First, it is necessary to know what transportation options are available to older 
adults. Most older adults drive themselves to their usual source of care, while the next 
most common option is being driven. However, as they age in place, driving themselves 
becomes more difficult. Further research should focus on how older adults who do not 
use private vehicles (either by driving themselves or by being driven) get to healthcare 
providers, and the factors that influence their decision to take particular mode of 
transport. This could include additional analyses focused on the Medicare beneficiaries 
who actually take public transportation. In addition, other surveys might provide a more 
nuanced view than the information used here from the MCBS. For example, the National 
Health and Aging Trends Survey (NHATS) allows respondents to select more than one 
mode of transportation rather than a single mode in the MCBS.
1
 
For those that are not able to have someone else drive them, public transportation 
is only one of the available options. I know of some existing solutions to fill the gap in 
transporting individuals to their health providers. These include community 
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organizations, senior citizen vans, and shuttles operated by providers. Despite all of these 
options, transportation remains a barrier to care. Additional qualitative research could 
provide a more nuanced understanding of how older adult beneficiaries perceive and 
address transportation barriers to accessing health services.  
Limitations of each analysis are included in their respective chapters, but some 
limitations common to all analyses are worth mentioning here. First, the analyses rely on 
the TAS and TCI as valid measures of public transit accessibility at a given origin point. 
Although I have shown these to indeed be valid measures, public transportation 
accessibility is only one aspect of a beneficiary’s decision to use public transit. Transit 
accessibility of the destination, other factors that influence transit quality, beneficiary 
mobility, access to a private vehicle, and other built environment characteristics are just 
some of the other factors that go into the decision of what mode of transit to use. Second, 
all analyses, but particularly secondary analyses like these, have factors that they are 
unable to measure. In my analyses, the inability to account for social support and 
caregiving at home make it difficult to identify beneficiaries who are most in need of 
alternative transportation. In the analyses of health service utilization, I was even more 
limited in my ability to measure functional status and health status. Finally, I assessed 
access to public transportation from a beneficiary’s home, although that may not always 
be the origin for a healthcare trip. 
The population of interest for this research is older adult Medicare beneficiaries. 
Thus, my findings may not be generalizable to other populations. In particular, other 
vulnerable populations such as low income individuals or Medicaid beneficiaries may use 
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public transportation differently than older adults. If such differences exist, they may 
affect the role of transportation in accessing health services for these populations. Future 
research could focus on the role of public transportation for other populations including 
Medicaid beneficiaries, children, or low income adults. 
Despite these limitations, this adds to the body of access to care literature by 
exploring the role of public transportation more thoroughly. These findings lead to a 
number of policy implications. First, there is a valid measure of access to public 
transportation that has already been developed and is available for most cities in the 
United States. Future research and planning can include these measures to better 
understand the built environment and assess changes to the public transport system. 
Given that individuals with better access to public transport are more likely to take it to 
get to their usual source of care, improving the public transportation system may facilitate 
access to care for these individuals. This can be as simple as adding stops to existing bus 
lines that would increase public transport accessibility and in turn may increase use. This 
is particularly important for beneficiaries who do not have access to private vehicle and 
have difficulty finding someone to drive them. Finally, older adults who do face 
transportation barriers to care may need options besides the public transport system to get 
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